Abstract. Applying the computer science in environment and ecology management becomes an important trend in recent years. Modeling an environmental and ecological system, normally, needs three main components: (1) a dynamic system model for the environment and ecology reality, (2) a Surveillance Network Model (SNM), and (3) an evaluation module helping to validate the accuracy of the whole system. This paper aims at introducing an abstract model of SNM based on Unit Disk Graph (UDG) technique, the second component of the system. Furthermore, we also introduce the Brown plant hopper Surveillance Network Model (BSNM), a concrete case of SNM which works as an agent-based model. The BSNM helps to model the light-trap network (one kind of spatial sampling devices); this model is used to measure and to evaluate the invasion of Brown Plant Hoppers (BPHs), one kind of dangerous insects attacking rice in a large area. The simulation is applied in three provinces of Mekong delta region, Vietnam.
Introduction
Finding dynamic laws of an ecological and environmental system is one of the interesting problems involved by multiple applied domains. Before, this work is only concerned by ecologists or biologists; the commonly used solutions can be mathemat-ical models, statistical models or the GIS-based spatial analysis methods (GIS -Geographical Information System). However, with the need to understand more deeply about multiple complex relations between multiple objects and multiple interactions, the traditional methods become exhausted in some situations. In recent years, the complex system approach, with the supports of modeling and simulation techniques, allows the scientists to get more conveniences from computer sciences; some high level algorithms can be applied to retrieve the hidden emergence, like spatial or graph data mining.
In this paper, we will present in details a modeling process for a Surveillance Network Model (SNM) -a model, which can measure and evaluate the situation of environment. The model must appropriate with any existing specific surveillance system, and tries to get more information from this. We try to build an abstract model for all types of surveillance network; the measurement devices can be the sensors or simply the sampling points. The observed objects of these surveillance networks are the ecological and environmental systems. Some kinds of SNM can be the meteorological or hydrological stations, the sampling network used in the forest or insect invasion surveys. Finding the hidden spatial and temporal relations between the spatial measuring devices is the main objective of each SNM.
There are three important hypotheses needed to be improved in a surveillance network:
 Hypothesis 1: The collected data on the same device in a short period is correlated.  Hypothesis 2: The collected data on different close devices (by geographical distance), in the same period, is also correlated.  Hypothesis 3: A set of devices can give more information than one single device inside this set.
We conduct to verify the first hypothesis on the data of brown plant hoppers (BPH) at 26 light-traps in Dong Thap province, and the result is very encouraging. By comparing the collected data between two consecutive days, all popular correlation ranks [8] (like Kendall, Spearman or Pearson) always return a high rank of correlation average (greater 65%); and even the Spearman rank returns a correlation average greater 80% (See Fig. 7 in Section 5 for more details). However, it"s not easy to verify the two last hypotheses if without a mechanism to determine the neighboring relationships in space. And the problem is how to build a mechanism helping to verify effectively all offered hypotheses (also for further hypotheses).
To solve the problem, we will try to model the SNM as a spatio-temporal simulation model, and we notice that the Unit Disk Graph is a good suggestion for determining the neighboring relationships between spatial measuring devices. UDG is a kind of the intersection graphs [1] [2] [3] allowing to build the connection from one node to its neighbors in a fixed radius (in the standardized case, this radius is equal to one specific unit). UDG can be directional or unidirectional, depending on the specific problem and the dynamic laws of the observed objects.
In general, in this paper, we visually present an abstract model and the implementation process for a particular Surveillance Network Model. This model has their cen-tral elements being the spatial measuring devices and uses UDG as a solution for setting up the internal connections. SNM allows to measure and to evaluate the status of the observed objects in a specific spatial region. Based on this abstract model, a Brown Plant Hoppers Surveillance Network Model (BSNM) is also implemented and used to measure and evaluate the BPH invasion in rice; the simulation is applied in three provinces (Soc Trang, Hau Giang and Bac Lieu) -the typical provinces in the Mekong Delta region of Vietnam.
The next sections are arranged as the following. Some important related works are introduced in Section 2. Section 3 introduces the abstract description of SNM for an ecological and environmental system dynamics. Section 4 explains some abstract classes inside the abstract model of SNM: Node, Edge, Graph and Competency. The implementation of the BSMN is introduced in Section 5; this model is an AgentBased Model (ABM) and works on GAMA platform [7] [19] [20] . And we summarize the contribution and suggest some research directions in Section 6. Some acknowledges for the investors are honorably written in the last section.
Related works
Spatial sampling technique is always the first investment of any environmental or ecological surveillance system, such as agricultural monitoring [9] , or forest management [10] [11] . The simplest technique, but often used, is representative because of its simplicity in aggregating the sampling results.
Finding the emergence from the sampling data is always a difficult problem. There are many approaches, where the modeling and the simulation are one of important trends in recent years. Some general modeling and simulation techniques are introduced in [16] ; also some models help to simulate the propagation process of BPHs in the Mekong Delta region, see [6] [17] [21] in GAMA platform [7] [19] [20] . These models perform a successful integration between the ABM model and the geographical information systems (GIS). Some examples in [16] [18] present some robotic models. The modeling techniques focus on the main properties and the essential behaviors of the research objects and always try to simplify the complexity of the real system.
The simulation of system dynamics is also an interesting investment. Some of them can be found in [12] [13] [14] [15] . These studies try to find out the dynamics laws of the ecological and environmental system and to simulate all of them; some prediction models can be built by this way.
Unit disk graph
The UDG technique is firstly introduced in 1990 by Clark [1] , and is used widely in ad-hoc communication. In the wireless sensor network, UDG is used to solve the problem of optimizing the localization, some research for this trend can be found in [2] and [3] . Besides, UDG is known as a solution for some NP-Hard problems in mathematics such as vertex coloring, maximum independent set or maximum clique
However, there are not many investments of UDG in managing an ecological and environmental system. An interesting research allows to use the UDG as a bridge between an Individual-Based Model (IBM) and an Equation-based model (EBM), proposed by MSI/IRD research group [4] . We also introduced some UDG-based research for estimating the BPH density and modeling the surveillance network in [5] and [6] . Based on these first successes, we have to generalize all process of modeling and implementing an ecological and environmental surveillance network based on UDG. In the proposed model, UDG is used as a useful tool helping to determine the connection topology of the surveillance network.
3
Abstract description of Surveillance Network Model for an ecological and environmental system dynamics
In an ecological environment management system, there are two main participants as the following: ─ Observed objects: The objects observed by the managers. These objects can be the plants in forest ecology, the fishes in marine ecosystem ecology or the insects in ecological agricultural systems. ─ Surveillance Network Model: A closed model allows to monitor and to evaluate the situation of observed objects on particular spatial and temporal scales. This model works as a consistent system where each internal component has a specific relation with the others. These relations can be one of the following: ○ Spatial relation: Monitoring the observed objects based on the adjacent relation of the spatial measuring nodes. ○ Timing relation (time series process): Monitoring the dynamics of the observed objects via the time series data at multiple measuring nodes. ○ Aggregation/combination relation: These relations consider the capacity of retrieving the emergence based on a set of elements inside the network. They can contain all relations related with the statistical or data mining techniques. 
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So, the question is how to model a surveillance network which satisfies all above relations. The UDG-based approach can answer thoroughly all needs related. In the UDG, the graph node and edge contain a particular weight (the data type of the weight can be a complex structure), which describes the spatio-temporal relations of the observed objects. Also in the graph structure, we consider the relation between the different measuring devices as the view of clustering (a technique in data mining [24] [25]), to observe the relation based on some aggregation or combination techniques. The final goal of SNM is providing more useful information about the observed objects for the managers; this model will operate as a decision-support system.
Modeling the Surveillance Network based on Unit Disk Graph
In this section, we introduce in details the implementing process for a UDG-based surveillance network. We try to build a model as abstractive as possible (while the next section will introduce a concrete case for the rice-hoppers surveillance network). With a particular system, we can apply this abstract model to build a concrete model depending on specific conditions. In this graph, each vertex v i is considered as the centered point and the zone determined by the connected radius r around v i forms a circle shape (or disk shape), then we call G the disk graph. When r is unit and is fixed for the whole graph, we have a unit disk graph.
In extended case, the disk shape can be changed depending on a specific use-case, for example an ellipse shape. In case of ellipse distance, the centered point is replaced by the foci of the ellipse which compose two special points F 1 and F 2 on the ellipse's major axis and are equidistant from the centered point. The radius r is replaced by r e with two values [a e , b e ] where a e and b e are called the major and minor radius relatively. The connected condition for this case is determined as
In Figure 2 , the UDG in (a) has 5 )} while in (b), the graph has the same set of vertices but the set of edges E 2 has only two elements with
The second choice of ellipse disk is an extended suggestion and we can define more kinds of disk in case of necessary.
Connection analysis
In the simple case, the connected condition can be defined only by the spatial distance. But in the real context, perhaps there are some special cases:
(1) Two vertices having the "Cause-Effect" relation: can be considered as "directional connection". This relation depends on the dynamic laws of the observed objects. If the movement is directional, the surveillance graph is necessary to be a directional graph for some research conveniences. For example, in the hydrological sys-tem, the water flow direction can also be considered as the direction of the edges. An example for this case is illustrated in Fig. 4 . (2) Two vertices having the topological disconnection can be considered as "not connected". This relation appears when there is an obstacle between two nodes; in this case, although these two nodes are very close but the necessary relation for the research doesn"t exist, then there is no edge connecting these two nodes. In observing the environment, in this case we can find out a break of spatial topology in a local space around two nodes. For example, if two hydrological sampling points have a close distance but they lie on two independent channels (and two these channels have the intersection in a very far distance), these nodes will be disconnected. An example for this case is introduced in Fig. 4 . a) Directional connection b) Disconnection by the obstacles Denote the scalar and direction relation between two nodes as and . The existence of a scalar edge is determined by the existence of two opposite directional edges, we have:
Disk radius and the graph topology
The topology of the disk graph is significantly changed as changing the disk radius. From being all disconnected this topology can be all connected (complete graph) as increasing the disk radius from zero (0) to unlimited value (+∞).
R min and R max is called the smallest and largest Euclidean distance existing between any pair of nodes. We found that when r < R min , the graph does not exist any edge (E = ); when r ≥ R max , the graph becomes a complete graph (i.e. exists edge ). Consider a graph with 5 nodes V = {(1, 2), (2, 4), (2, 2), (3, 3), (4, 5), (5, 4), (7, 2)}, we have a distance matrix as follows: 
Nodes
( Table 1 . Distance matrix.
Based on the distance matrix, we easily found the value of R max = 6 and R min = 1. Therefore, the graph topology is only changed when moving the disk radius in the range [1, 6] . The dendrogram for the above example is shown in Fig. 5b Dendrogram in Fig. 5a can help to observe the graph topology, and also the number of sub-graph with a specific value of radius r. For example, in case r = 2.5, there are two sub-graphs; in which a graph G 1 with V 1 = {(1, 2), (2, 4), (2, 2), (3, 3), (4, 5), (5, 4)} and G 2 with V 2 = {(7, 2)}.
Surveillance Network Model (SNM)
In this part, we introduce the process of modeling the surveillance network based on the UDG technique. The SNM will be implemented as an object-oriented model; and the UDG technique becomes the tool to build the monitoring graph -the core element of the model.
Here, we consider of four major classes of SNM: Node, Edge, Graph and Competency. First two components will constitute the Graph class, the representative class for the whole surveillance system. The Competency is a special class which contains the evaluation information of remaining classes. 
Node class:
The Node class is used to model a sampling device. The spatial surveillance problem is more interested in coordinates of the sampling devices; sampling location plays a crucial role in the process of estimating and evaluating the density of the observed objects. Some related attributes of device can also be considered: its dominated zone in practice, the measuring threshold (or measuring capacity), the working status (in some situations, sampling devices are disabled due to some objective factors, such as in the rain).
General specification for the Node class is as follows: 
Edge class:
Determining the existence of edges in the graph is a difficult problem. We need to determine the multiple relations between different sampling devices while these relations don"t exist explicitly. Because the dominated zone of sampling devices isn"t concerned (it"s too small in comparing with the sampling scope), their characteristics are completely different from a wireless telecommunication network (or a radar network). Meanwhile, we are interested in some potential relationships to establish the edge connections. For example, in the BPHs surveillance network, we pay attention to their migration behaviors along the wind.
General specification for the Edge class is as follows: Properties  edgeID: Identifier of the edge.  sourceNodeID: Identifier of the source node.  destinationNodeID: Identifier of the destination node.  deviationAmount: Defined as the density difference between the source and destination nodes.  length: Euclidean distance from the source node to the destination node.  competency: Type of Competency class, which contains the evaluation information for the edge. Actions  getInternalCorrelation(CorrelationType): Get the correlation between the sources and the destinations (all adjacent edges). 
Brown Plant Hopper surveillance network and Agent-based simulation
In this section, we present a concrete situation of SNM for the insect surveillance network in the Mekong delta region. The observed objects are the Brown Plant Hoppers in adult stage (when the BPHs can dispatch along the wind).
To implement the model, we need to consider two factors presented in the abstract view ( Fig. 1): (1) Observed objects: Brown Plant Hoppers. These objects must be implemented as a system dynamics. In fact, simulating the movement of these objects becomes a big challenge for any modelers. In this research, we will implement a migration model for Brown Plant Hoppers; this model will consider three natural factors: transplantation regions of rice, the river regions and the wind (velocity and direction). (2) Surveillance Network Model: This model has its own private name Brown Plant Hopper Surveillance Network Model (BSNM). BSNM follows the general SNM structure specified in Section 4. By the reason of migration behaviors of BPHs (depending on the wind), the graph will be directional (the edge direction is determined by the wind direction). Also, the disk radius is determined by the wind velocity. The sampling devices are the lighttraps established in the plant protection management (managed by the Southern Plant Protection Research Center). The sampling stage of this sampling network is determined by one day (this stage is also considered for one simulation step).
Modeling the BSNM
The sampling period is determined as (by or as) one day (the real period). We considered the maximum distance on which the BPH can dispatch in each period. Suppose the v is the wind velocity, t is the dispatch time inside one period (normally t = 4 hours from the evening to the night), we have r max = v * t. The disk radius r of UDG should be less than r max . We apply the case of model using the circle disk (Fig. 2a) . Fig. 6 analyses the connection between two light-traps depending on the velocity and the direction of wind. In this figure, we will consider the light-trap N 1 , with coordinates (x 1 , y 1 ). Suppose that there is a light-trap N 2 , with coordinates (x 2 , y 2 ) located in the half circle lower the wind having r max = v * t, we will analyze the connection between N 1 and N 2 (if existing). In Fig. 6 , call α is the angle between the wind direction and the x axis. We call N 1 is the source point, from where the BPH can dispatch, and a point D 1 (x" 1 , y" 1 ) is the farthest where the BPH can reach in case of moving totally along the wind direction (in one day). We see that the distance from N 1 to D 1 is r. We will find out the relation of x' 1 = x 1 + r * |cos α|; y' 1 = y 1 +r * |sin α| π/2 < α ≤ π x' 1 = x 1 -r * |cos α|; y' 1 = y 1 + r * |sin α| π < α ≤ 3π/2
x' 1 = x 1 -r * |cos α|; y' 1 = y 1 -r * |sin α| 3π/2 < α ≤ 2π x' 1 = x 1 + r * |cos α|; y' 1 = y 1 -r * |sin α| After determining the coordinates of D 1 , we need to determine whether the N 2 satisfies the condition of locating in the half circle lower the wind of N 1 .
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The 15th The value of can be determined by the expression:
where is the scalar product of two vectors and , while and are respectively the length of and (by Euclidean distance).
So, the condition to establish a connection from N 1 to N 2 is:
Where, t is the amount of time the BPH can dispatch in one day (in fact t = 4 hours/day) and v is the wind velocity.
Experiments
The sampling data is the number of BPHs trapped by the light-trap every night, the sampling period is one day (and also considered as the simulation period). In this research, we use the light-trap data in January, 2010 of four provinces in Mekong delta region.
In this part, we introduce two main results. The first result is the verification of the laws inside the light-trap data; we applied some correlation analysis in R language [25] (introduced in Part 5.2.1). This first result suggests many ideas to develop the evaluation actions of SNM abstract model. In Part 5.2.2, we introduce the second result of this research, all outputs of the BSNM. This BSNM is built on GAMA 1.4 platform [7] ; this GIS-based and ABM-based simulation platform has been developed by the research team MSI (located in the IFI, Hanoi, and part of the IRD/UPMC International Research Unit UMMISCO) since 2007.
5.2.1
Correlation analysis in R The Ecological and Environmental model is the second part of the whole system; this model is independent with the SNM and is measured and evaluated by BSNM. We don"t concentrate on it in this paper (can see more details in [6] ). The ecological and environmental model is based on the grid one. This approach can easily help apply more estimation and propagation models. Fig. 9b shows the result of IDW estimation (using the Graph.estimateDensity(Method = "IDW") action) from the SNM. These results is consistent with one illustrated in Section 5.2.1, but is applied in another region. Furthermore, the correlation can be automatically generated from the BSNM; we can apply this action for any kinds of data: the historical data for the analysis tasks and the propagation data for the predictive analysis. In addition, we are successful in implementing the Brown plant hopper Surveillance Network Model (BSNM) for the light-trap network in three provinces of the Mekong delta region: Soc Trang, Hau Giang and Bac Lieu. The BSNM is agent-based [16] [17] [21] and contains four types of agent relatively with all main classes in the SNM. We verify some hypotheses by using the correlation ranks (Kendall, Pearson and Spearman [8] ); with it, we can get more information of the observed objects. The first hypothesis is well verified while the second one needs more investments in the future research because of the bad result in correlation. Besides, the implementation of IDW estimation [22] algorithm is also given in this model.
The investment on the aggregation and the combination algorithms are the next works of this research.
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